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Long-Period (2-18 Days) Oscillations of Mesopause Winds at Collm 
Ch. Jacobi, R. Schminder, D. Kürschner 
Summary: 
Daily analyses of the zonal and meridional prevailing wind at the mesopause ( - 95 km height) 
are investigated with respect to planetary wave scale oscillations with periods ranging between 
2 and 18 days. A mean climatology of the years 1983 - 1994 is presented. Time series of plane-
tary wave activity show a significant increase during this period, which is in accordance with 
results from literature. 
Zusammenfassung: 
Tägliche Analysen des zonalen und meridionalen Grundwindes in der Mesopausenregion (- 95 
km Höhe) werden hinsichtlich planetarer Wellenaktivität im Periodenbereich von 2 bis 18 Ta-
gen untersucht. Es wird eine mittlere Klimatologie der Jahre 1983 - 1994 dargestellt. In diesem 
Zeitraum ist eine signifikante Zunahme der Wellenaktivität zu verzeichnen, die in Überein-
stimmung mit Literaturangaben steht. 
1. lntroduction 
Wind oscillations at planetary wave periods (2, 5, 10, 16 days) have been found, for example, 
from radar observations in the mesopause region (e.g. Manson et al., 1981; Williams and 
A very, 1992). Numerical simulations (Salby, 1981 a,b) lead to the conclusion, that these waves 
can be interpreted as the response of the atmosphere to a forcing from below. Some numerical 
experiments (Grollmann, 1992; Forbes et al., 1995) have been carried out to estimate the 
response of the upper middle atmosphere to this forcing and showed that in general the wave 
propagation is sensitive to the mean background circulation, even in the case of the 5-day wave 
(Grollmann, 1992) which has a large phase velocity and so should be less influenced by 
filtering due to easterly winds in the summer mesosphere. 
On the other hand, some evidence is given, that at least the short-period waves, namely 
the quasi 2-day wave, are possibly to be seen as an in situ effect of the upper middle 
atmosphere. Plumb (1983) and Pfister (1985) proposed baroclinic instability of the easterly 
mesospheric jet as a mechanism for the quasi 2-day wave. 
On a whole, planetary wave activity has turned out to be a very irregular phenomenon, 
even if the quasi 2-day wave is regarded that in most years regularly is found in mesopause 
measurements in summer but exhibits strong interdiurnal variability above all with respect to its 
amplitude. Other planetary waves are mostly found in winter (Salby and Roper, 1980; Manson 
et al., 1981 ), as in summer due to the easterly winds in the mesosphere the waves cannot 
propagate into the mesopause. However, the annual patterns of their appearance are not regu-
lar. For example, Williams and A very ( 1992) found the maximum of the 16-day wave in sum-
mer, which may be due to ducting from the winter to the summer hemisphere through the 
mesosphere/thermosphere region. 
Thus open questions remain, and so further studies of the long-term variability of plane-
tary wave are required to clarify these. Furthermore, some evidence is given that long-term 
trends may be present in planetary wave activity (Lastovicka et al., 1994, Bittner et al, 1996). 
This is of special interest with respect to the attempt of detecting long-term changes in 
mesopause parameters that may be an effect of anthropogenically induced climate variations. 
132 
Additionally the investigation of variations of a signal ( oscillations of the zonal prevailing wind, 
for instance) appears to be possibly more promising than the examination of the signal itself, 
because the latter may be difficult to measure with sufficient accuracy. 
We therefore will present estimates of planetary wave activity from the mesopause 
wind measurements at Collm, Germany. For this purpose, we interpret the measured oscilla-
tions of the daily wind data as the signal of planetary wave activity. lt is true, one has to keep 
in mind that the wave parameters itself (wavenumber or phase speed, for instance) cannot be 
determined from point measurements and therefore strictly speaking only the term 
'oscillations' could be used. However, as will be shown in the following, the accordance of our 
measurements with results from planetary wave estimation known from literature generally is 
good enough to establish a connection between the measured oscillations and planetary wave 
activity. Therefore we use the term 'waves' even if these are not really identified from our 
measurements. 
In the following section the measurements will be described in detail. In section 3 a cli-
matology of the planetary wave activity, taken from the years 1983 - 1994 will be presented. 
The interannual variability of planetary wave activity will be discussed in section 4. 
2. Description of the Measurements 
The wind field of the upper mesopause region is continually observed by daily D 1 radio wind 
measurements in the LF range, using the ionospherically reflected sky wave of three commer-
cial radio transmitters on 177, 225 and 270 kHz. The measurements are carried out according 
to the closely-spaced receiver technique. A modified form of the similar-fade method is used to 
interpret the wind measurements (Schminder and Kürschner, 1992, 1994; Schminder, 1995). 
The procedure is based on the estimation of time differences between corresponding fading ex-
trema for three measuring points forming a right-angled triangle over the ground with small 
sides of 300 m in direction N and E, respectively. The individual pairs of time differences 
which allow the calculation of individual wind vectors are measured at a temporal resolution of 
0.25 s. 
The data are combined to half-hourly zonal and meridional mean wind values on each 
frequency, with a mean value being averaged over 30 - 60 data points. The 1-cr variation of the 
half-hourly mean is in the order of 20 rns-1, caused by the real wind variations and depending 
on the resolution and number of the individual wind measurements. Including the results of the 
individual measurements on each of the three frequencies, combined with a weighting function 
based on an estimate of the "chaotic velocity" (Sprenger and Schminder, 1969; Schminder and 
Kürschner, 1992), mean values are calculated, referring to a reflection point at 52°N, 15°E. 
Since during the day the absorption of the sky wave is too large, the daily measuring period is 
in summer restricted to night and twilight, while in winter partly measurements are possible 
during the whole day. This results in a total of about 700 half hourly mean values per month in 
summer, and about 1200 in winter. 
The reflection height is measured on 177 kHz using travel time differences between the 
ground wave and the sky wave. The differences are obtained using side-band phase compari-
sons of both wave components in the modulation frequency range near 1.8 kHz (Kürschner et 
al., 1987). The height resolution of an individual reflection height measurement is nearly 2 km. 
The half-hourly means consist of 600 individual values on an average. Essentially caused by the 
variability of reflection heights the 1-cr variation of the half-hourly mean is in the order of 3 km 
below 95 km and 5 km near 100 km altitude. 
Since the measurements are inhomogeneously distributed in time and height, a direct 
estimation of the horizontal prevailing winds and the tidal components is not possible. There-
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fore a multiple regression analysis is used to determine the daily prevailing wind as well as the 
tidal wind field components using the half-hourly mean values of the measured zonal and me-
ridional wind components. The spectral selectivity of the separation of prevailing and tidal 
wind was improved through fitting the measured values for the two horizontal wind compo-
nents as a vector, assuming clockwise circularly polarized tidal wind components (Kürschner, 
1991 ). The model can be expressed by the following two equations: 
v, = a, + b sin(cot) + c cos(cot) , (1 a) 
V m = am+ b cos(cot) - C sin(cot) , (1 b) 
where Vz and Vm are the horizontal wind components and co = 2n:/12h the angular frequency of 
the semidiumal tide. The diumal tidal components are not taken into account, because the 
daily, quasi-regularly distributed data gaps would lead to a ]arge error. The coefficients a, b 
and c are determined by a least square fit of modelled and measured values. The wind field 
parameters are calculated using 
Yoz = a,, (2) 
for the zonal and meridional prevailing wind. The semidiumal tidal amplitude (v2,) and phase 
(T 2,) are defined as 
(3) 
1 1{c} T = -tan- - . 
2z CO b (4) 
The phase is defined as the time of the maximum eastward wind component. 
Note that the reflection height, measured as described above, is not directly used in this 
kind of analysis. Since the total reflection measurements provide wind values only at one height 
(which is varying through the night) a direct estimation of wind profiles is not possible. How-
ever, if the measured half-hourly wind components of several days are taken together, a mean 
wind profile can be estimated using a modified form of Eq. 1 with height-dependent coeffi-
cients (e.g. Jacobi et al., 1996a, and references therein). 
The reflection height ranges roughly between 75 and 105 km on a monthly average, but 
individual values can, especially in winter after midnight and under geomagnetically disturbed 
conditions, reach much higher values. Examples for 1983 to 1994 mean monthly mean reflec-
tion height values h are shown in Fig. 1. From this it can be seen that after sunrise the reflec-
tion height decreases rapidly. This is due to the ionisation in the D-region below the mesopause 
and, since the absorption during the day is large, partially no measurements are possible then. 
In the late aftemoon h slowly rises to its nighttime values. Additionally, in winter after 
midnight very high values of h are reached as a result of the split of the reflected sky wave into 
the ordinary and the extraordinary component. In consequence of the diumal height variations 
we cannot use all of the half-hourly measurements for the regression analysis after Eq. 1, since 
especially in summer large gradients of the prevailing wind would influence the results of the 
analysis due to apparent wind variations while the reflection height changes. Therefore we will 
restrict ourselves to the inclusion of only those times, when the mean monthly mean reflection 
height has values that are sufficiently close to the mean nighttime value of about 95 km. In 
Table 1 the respective time intervals, from which the data are taken, are Jisted for each month. 
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Using only these intervals it is possible to reduce the error due to height variations. However, 
it has to be kept in mind, that especiaIIy during high geomagnetic activity the reflection height 
may strongly vary. Thus, since geomagnetic and solar activity are correlated and the latter 
exhibits an 11-year cycle, long-term trend analyses may be influenced by this effect and 
especially estimates of possible solar cycle dependencies of planetary wave activity have to be 
interpreted with care. 
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Fig. 1: 12-year mean monthly mean reflection height, takenfrom Collm measurements during 1983 - 1994.for 
4 months. 
Month Begin End Month Begin End Month Begin End 
(LMT) (LMT) (LMT) (LMT) (LMT) (LMT) 
January 17 7 Mav 20 5 September 19 5 
February 18 7 June 20 5 October 18 6 
March 18 7 July 21 4 November 18 6 
April 19 6 August 20 5 December 17 7 
Tab. 1: lntervals, from which data are taken for the regression analysis after Eq. 1. 
3. Planetary Wave Activity Climatology 
As it was already mentioned in the introduction, care has to be taken if any oscillation of the 
respective appropriate time scale will be interpreted as a planetary wave. Especially in spring 
and autumn the wind field transitions may appear very fast, so that in a spectral decomposition 
additional energy may emerge in the period range of the planetary waves (Jacobi et al., 1996b ). 
Additionally, some interdiumal variability is to be expected due to the uncertainies of the 
measurement and data analysis described in section 2. Furthermore, from single point meas-
urements one is not able to estimate the wave parameters, as wavelength or phase speed. Nev-
ertheless, as the subsequent results will show, we are able to give a climatology of oscillations 
at the time scales related to planetary waves and since it does not contradict results given in 
literature, these results may thoroughly be interpreted as estimates for planetary wave activity, 
especiaIIy if long-term means are regarded. 
In Figure 2 the running spectra of the zonal (upper panel) and meridional (lower panel) 
prevailing wind are shown. They are calculated using sliding data windows with a width of 32 
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days. The results were attached to the middle of the data window. The windows were shifted 
by a step of one day, thus a total of 365 spectra per year was calculated. Monthly means of 
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Fig. 2: 1983 - 1994 mean monthly mean running spectral density, given in m2s-2dayfor the zonal component 
(upper panel) and the meridional component (lower panel), taken from the daily prevailing wind analy-
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Fig. 3: M ean monthly mean cospectrum, given in 1112 s·2 day, of the zonal and meridional component, calculated 
from the daily prevailing wind analyses of the Collm measurements. 
Figure 2 exhibits some interesting features. Firstly, many of the well known planetary wave fre-
quencies, as they frequently are mentioned in literature, can be seen within the spectra. The 
long-period waves, with frequencies of 0.1 cpd and less (which may be interpreted as the 10-
or 16-day wave), have their maximum in late winter, especially in March, although during the 
whole year oscillations at that frequency range are found. This corresponds, for instance, with 
the results of Manson et al. (1981). On the other hand, Williams and Avery (1992), for exam-
ple, have found maximum amplitudes of the 16-day wave in summer, which cannot be ap-
proved here. Secondly, a less prominent maximum is found in May at a frequency of about 
0.25 cpd or a period of 4 days, respectively. This maximum is less marked within the 
meridional component, but in the lower panel large values can be seen at a frequency of about 
0.2 cpd (a period of 5 days) more or less during the whole summer and with maxima in spring 
and late summer. And thirdly, a very strong quasi 2-day wave signal is found in summer. Since 
the data interval upon that the analysis is based on is one day, due to aliasing the maximum 
energy is shifted towards lower frequencies (about 0.45 cpd or 2.2 days, respectively), while 
regression analyses using the half-hourly means have shown that during the maximum of the 
wave events in the respective years the period is well below 48 hours (Jacobi et al., 1996c ). 
The shift of the maximum wave activity from periods of roughly 5 or 4 days to shorter-
term periods from spring to summer, which is best visible in the zonal component might give a 
hint to the mechanism responsible for their existence. Plumb (1983) and Pfister (1985) have 
proposed baroclinic instability at the summer easterly mesospheric jet as a mechanism for the 
quasi 2-day and other planetary waves of periods up to a few days. Plumb (1983) showed that 
the period of the fastest growing waves is dependent on the shear, so that the shortest periods 
are found while the shear is at its largest values. This is found in June and July (e.g. Jacobi et 
al., 1996a), while in May and August the shear is still large, but not that strong than it is 
around solstice. This would, required the mechanism of baroclinic instability really works, ex-
plain the shift from longer to shorter periods. On the other hand, from Figure 2 it can be seen 
that there appears a sort of 'gap' in the spectrum around a period of 3 days (0.3 - 0.4 cpd). 
This may be a hint that the 5-day oscillations are due to a completely different mode and above 
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all different mechanism of generation than the 2-day wave. In fact generally the 5-day wave is 
attached to the first symmetric mode of zonal wavenumber 1 and is often assumed to be gener-
ated at lower levels. Since this wave has a very large phase velocity, it may propagate into the 
mesopause even in summer (Williams and Avery, 1992), although numerical investigations 
showed that the strong shear around solstice should nevertheless lead to a reduction of the 
amplitudes near the mesopause then (Grollmann, 1992). This would also fit to the results in 
Figure 2. 
Figure 3 shows the mean monthly mean cospectrum. lt exhibits remarkable differences 
between the behaviour of the shorter period (about 2 days) waves in summer and the langer 
period waves. Since the phase difference of the horizontal components of the quasi 2-day wave 
roughly covers a range between phase and quadrature (Harris, 1994; Jacobi et al., l 996c ), its 
cospectrum should be small when compared with the very strong signal of the energy spectrum 
in Figure 2. This is in fact to be seen in Figure 3. Compared to this, the cospectrum at lower 
frequencies in late winter is large, and this means that the long-period planetary waves in 
winter are mostly in phase. 
The different annual course of waves of different periods is shown in a more concen-
trated manner in Figure 4. Here the 12-year mean monthly mean standard deviation of the 
running 32-day data series is shown, after a Lanczos band pass filter with 100 weights has been 
applied to the original time series. The respective data windows are given in the legend of 
Figure 4. The two panels of Figure 4 show the zonal (left panel) and meridional (right panel) 
component. The uppermost curve shows the standard deviation including all wave activity at 
time scales between 2 and 18 days. The other four curves show the standard deviation at time 
scales that can roughly be attached to the 2-, 5-, 10- and 16-day wave, even if the period range 
of the first one is certainly too large and shifted to langer periods. Nevertheless, the annual and 
interannual variations correspond to those known from literature. Thus, subsequently we will 
refer to the oscillations of periods within the respective windows as these waves, although we 
have to keep in mind that the attachment is not proven from this dataset. 
The most prominent feature is the appearance of large values of cr in summer, which are 
due to the quasi 2-day wave. This also shows, that the quasi 2-day wave is on the whole the 
strongest signal in the planetary wave time scale range. Compared with this signal the variabil-
ity in winter due to planetary wave activity is much smaller. The 10- and 16-day wave activity 
shows its maximum in late winter, but the mean annual variability is slightly smaller than the 
one of the 2-day wave. While the ratio of maximum to minimum value of the zonal component 
is 2.1 for the quasi 2-day wave, it is 1.6 for the 10-day and 1.8 for the 16-day wave. Figure 4 
shows that these waves may appear throughout the whole year, although the propagation into 
the mesopause region is facilitated in winter due to the mesospheric westerlies. The minimum 
of wave activity is found in September. However, this is an effect due to the small activity of 
shorter-period (above all 4 days and less) waves, which can also be seen in Figure 2. The spec-
tral density of the 10- and 16-day wave in September is not smaller than during the summer. 
However, the background mean wind field in September is partially more variable than during 
the summer, since in many years during that month the transition of the zonal mean wind field 
from summer (westerly winds at the mesopause, and easterlies below) to autumn (an extension 
of the thermospheric easterlies reaches down to the mesopause) conditions occurs. This is a 
very rapid phenomenon, and so it may be reflected in the spectra. 
The 5-day wave seen in Figure 4 acts in a more complicated manner. The zonal 
component shows a maximum in May and partially enhanced values in summer. The meridional 
component, however, has its maximum in August. But generally the feature already shown in 
Figure 2 is reproduced: The 5-day wave exhibits maxima in May and August due to the 
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Fig. 4: Mean monthly mean standard deviation a obtained from 32-day windows of daily zonal (left panel) and 
meridional (right panel) wind data measured at Collnz. A Lanczos filter is applied to the original data 
series, the respective windows are given in the legend. 
4. Interannual Variability 
Mean values over several years, as they have been shown in the previous section, may partially 
be misleading or the averaging procedure may overlay some patterns of interannual variability 
that may only on an average lead to the regular patterns that are given in Figure 2, for instance. 
Therefore the monthly mean standard deviation cr, calculated using a Lanczos filter with the 
different filter windows already introduced in the previous section will now be shown in Fig-
ures 5 - 8. These show the annual course of cr in the years 1983 - 1994 for the zonal (in the 
respective upper panel) and meridional (in the respective lower panel) component. The most 
striking result from these figures is, that generally the wave activity is highly variable from year 
to year. However, some more regular patterns can also be found. 
The 2-day wave in Figure 5 exhibits their maxima very regularly in July, but neverthe-
less an interannual variability is seen, such that, for example, in the 1990s the zonal wave activ-
ity appears to be enhanced. Jacobi et al. (1996c) has proposed a solar cycle dependence of the 
quasi two-day wave due to a solar influence on the mean mesospheric zonal wind and a corre-
lation between background zonal wind and quasi 2-day wave activity. Unfortunately, since the 
years of high solar activity were roughly those from 1988 to 1992 and are therefore more fre-
quent in the second half of the time interval considered, it is not possible to clearly distinguish 
between a solar cycle dependence or a simple increase of planetary wave activity with time. 
The meridional component does not show neither a marked trend nor a solar cycle depend-
ence, although its interannual variability is large. 
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Fig. 5: Standard deviation cr in ms· 1, obtained from 
daily zanal (upper panel) and meridional 
(lower panel) wind values at Collm. A Lanc-
zos bandpass fitter with a 2 - 4 day data 
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Fig. 8: As Figure 5, but using a 14 - 18 day data 
window. 
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The 5-day wave also shows an increase during the 12 years regarded. This is seen in both hori-
zontal components. However, the appearance of large oscillations in this period range is more 
intermittent and not very regular. While in general large values of cr are found in May (for ex-
ample within the zonal component in the years 1984, 1985 and since 1991) or August (above 
all within the meridional component), in some years large values also are found in July (1993) 
or in winter (1990). The latter may be an artifact due to the enhanced variability of the 
reflection height during solar maximum, but on the other hand Jacobi et al. (1996c) showed 
from an analysis that included reflection height variations and that therefore avoided possible 
errors due to these, that at least regarding the quasi 2-day wave just during 1990 partially 
strong interdiumal variations were found in winter. 
The 10-day wave (Figure 7) exhibits an even more irregular pattern. The wave appears 
partially in winter, but in some years, at least if the zonal component is regarded, it is also 
found around solstice. Grollmann (1992) found from numerical simulations, that the 10-day 
wave can propagate also into the summer hemisphere due to their relatively large phase veloc-
ity. But as the maximum amplitude of the 10-day wave generally is situated well below the 
mesopause the more rare 10-day wave events in the summer mesopause may be due to special 
propagation conditions that are not generally given. 
The 16-day wave (Figure 8), again exhibits a more regular pattern. With very few ex-
ceptions, large values of cr are only found in late winter. However, the interannual variability is 
very !arge, for example in 1987 the wave was more or less totally absent. What is more, in 
1984 and 1985 it appears that the wave is mainly present in the zonal component only, while, 
for example, in 1989 both components are large. 
In Figure 9, the interannual variability of the mean annual standard deviation is shown 
with the same filter windows applied to the original time series than it was done to calculate 
the results in Figures 5 - 8. The overall standard deviation, including every oscillation with pe-
riods between 2 and 18 days, is also added. Since the respective windows are of different width 
when regarded in frequency space, a presentation of absolute values would not be useful. 
Therefore the data are normalised by their respective 12-year means. In the figure the respec-
tive trend coefficients Li are added in the legend. A t-test was applied to the respective trend 
analyses. If the trend is statistically significant at least at the 5%-level, this is noted in the leg-
end. 
The most striking feature is the significant increase of planetary wave activity, if the 
zonal component is regarded. This is in excellent accordance with the results of Bittner et al. 
( 1996), who found a strong increase in planetary wave activity from OH* near infrared emis-
sion upper mesosphere temperature data. Lastovicka et al. (1994) partially found positive 
trends in planetary wave activity from radio wave absorption data and pointed out, that these 
were of non-solar origin. 
Regarding the 16-day wave, the trend is not significant due to the large interannual 
variability, but the order (about 3% per year) is the same than the one for the other period 
ranges. The meridional component does not exhibit such an uniform picture. Most of the 
curves show a slightly positive trend that in the case of the 5- and 16-day wave is also statisti-
cally significant. But in the 10-day period range the meridional activity decreases slightly. This 
is certainly due to the !arge interannual variability that can be seen in Figure 7. 
141 
Fig. 9: Annual mean normalised standard deviation <ln· The data are taken from the daily zanal (upper panel) 
and meridional (lower panel) Collnz mesopause prevailing wind data. A Lanczas filter with the windows 
given in the respective legends was applied to the original time series. 
5. Conclusions 
Planetary wave activity in the mesopause over Central Europe has been investigated by means 
of spectral analysis of daily measurements of the prevailing wind at Collm, Germany. The main 
results may be summarised as follows: 
• The strongest signal in the period range between 2 and 18 days is due to the quasi 2-day 
wave in the summer mesopause. This is also the most regular feature in the frequency range 
regarded here. 
• While the phase difference between the horizontal components of the oscillations ranges 
between 60° and 90° for the quasi 2-day wave, the zonal and meridional components of the 
longer-period waves are mostly in phase. Therefore the cospectra in the frequency range of 
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the quasi 10- and quasi 16-day wave are more marked than at the shorter periods belonging 
to the quasi 2-day wave. Generally, the meridional components of the oscillations are less 
strong than the zonal ones. 
• Planetary wave activity exhibits a strong interannual variability. Oscillations may appear 
both in summer and winter. However, a 5-day wave signal is preferably found in spring, 
while the 10- and 16-day waves are more frequently found in winter than in summer. 
• The planetary wave activity has significantly increased during the regarded period from 
1983 to 1994. This is in correspondence with literature results, but since the time series still 
are not long enough to clearly distinguish between long-term trends and possible solar 
influenced variations, further research is still needed. 
With respect to the uncertainty, to what extent the measured wind oscillations really are to be 
interpreted as waves, in future combined analyses of simultaneous measurements should be 
carried out. 
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